T his article presents the rescue of a difficult airway in a pediatric patient with subglottic stenosis with the relatively new ventilation device, the Ventrain (Ventinova Medical B.V., Eindhoven, the Netherlands). When the patient desaturated, the device enabled immediate ventilation during airway assessment through a rigid bronchoscope and restoration of normal oxygen saturation. Then, after intubation, ventilation with the Ventrain was valuable again, when conventional mechanical pediatric intensive care unit (PICU) ventilation was very difficult due to elevated pressures. This case clearly indicates that the new ventilation device Ventrain offers advantages over devices available until now.
Parents' written consent for publication of this case was obtained.
CASE STUDY
We report the case of a 7-month-old, 3700-g girl, with 48 hours of respiratory distress. She was born prematurely at 25 weeks gestation and required prolonged tracheal intubation as a neonate.
Physical examination was positive for wheezing, aphony, and tachypnea, without fever or significant catarrhal symptoms. Prominent wheezing was heard on both hemithoraces, and nebulization with salbutamol was administered. Arterial blood gas analyses showed pH 7.21, Pao 2 59 mm Hg, and Paco 2 57.5 mm Hg. Subsequently, clinical deterioration occurred with sudden desaturation that required high levels of oxygen and nebulized epinephrine. The patient was admitted to the PICU. Clinical symptoms recurred multiple times. Fiberoptic bronchoscopy revealed 2 subglottic cysts.
After uneventful tracheal intubation, 2 posterior subglottic cysts were observed occluding 50% of the subglottic airway. After resection of both cysts with laryngeal microsurgery, steroids were topically administered. After an uneventful extubation, she was transferred to PICU.
Twenty-four hours later, the patient gradually deteriorated with oxygen desaturation and acute respiratory failure despite noninvasive ventilation. Rigid bronchoscopy revealed significant glotto-subglottic edema. Effective ventilation was achieved through the working channel of the rigid bronchoscope using the manually operated ventilation device, the Ventrain. It provided inspiratory oxygen flow and also enhanced carbon dioxide (CO 2 ) removal by suction (active expiration). Oxygen saturation was rapidly restored. Subsequently, the patient was intubated with an endotracheal tube size 2 with difficulty. To cover the possibility of an emergency surgical intervention on the airway, an ear, nose, and throat specialist was present. After endotracheal intubation, the PICU ventilator was connected in synchronized intermittent mechanical ventilation mode: initial settings rate 35/min, tidal volume 25 mL, inspiration:expiration ratio 1:2, and positive expiratory pressure 4 cm H 2 O. The high peak pressure of above 50 cm H 2 O limited adequate chest rise and resulted in progressive CO 2 accumulation (above 120 mm Hg). Even after changing several parameters (ratio inspiration:expiration to 1:1), ventilation remained very difficult due to elevated airway pressures. Saturation measured by pulse oximetry decreased to Spo 2 85%, requiring ventilation with the Ventrain once again. With a flow of 2 L/min to reach tidal volumes of 33 mL, adequate ventilation was achieved as evidenced by improved pulse oximetry and adequate chest rise. The Ventrain device was connected to a high-pressure oxygen source with a flow regulator using a Mapleson universal connector (Intersurgical, Wokingham, UK). Overall, the baby was manually ventilated with the Ventrain for 5 minutes. After sedation and antiedema measures with steroid therapy, patient's breathing gradually improved. The baby was then reconnected to the mechanical PICU ventilator. Steroids were administered topically around the tube and intravenously 24 hours before extubation and continued for 48 hours afterward. The patient improved and fully recovered.
DISCUSSION
Laryngeal stenosis is one of the most frequent causes of airway obstruction in children and one of the most common Postintubation subglottic stenosis is one of the most common causes of stridor in newborns and babies after prolonged mechanical ventilation. Management of this pathology is complex and requires highly trained personnel because it is associated with a high rate of airway-related mortality. This article presents the rescue of a difficult airway in a pediatric patient with subglottic stenosis with a new device available on the market, the Ventrain, offering certain advantages over those available until now. (A&A Practice. 2018;10:136-8.)
indications of tracheotomy in children under 1 year of age. Although it can have a congenital etiology, 90% of these cases are acquired. 1 Acquired stridor is observed in newborns and small infants who have received prolonged mechanical ventilation via tracheal intubation and has an incidence of 0.9%-3% after extubation. 2 In the current case, 2 subglottic cysts caused respiratory distress in a 7-monthold baby. Both cysts were removed in 1 surgery. Despite steroid treatment, the described complication occurred. After evaluation of this case, it was concluded that bilateral and contralateral subglottic multiple cysts should not be removed in the same surgery because this might increase the risk of postsurgical upper airway obstruction. However, in this case, the patient was rescued by immediate reoxygenation using the Ventrain, which allowed oxygenation and elimination of CO 2 and adequate chest rise and fall through a lumen <2 mm.
Management of severe subglottic stenosis in children is complex and often requires smaller endotracheal tubes than usually used in pediatric ventilation. At our hospital, a committee has been set up to deal with pediatric airways, consisting of a multidisciplinary team including anesthesiologists, surgeons, pulmonologists, radiologists, pediatricians, and ear, nose, and throat specialists, who are responsible for dealing with this kind of pathology. These experts added jet ventilation devices and the Ventrain to our local protocols, ensuring their availability in an emergency airway scenario.
Ventrain has been designed to ventilate through a small lumen tube in patients with difficult airways, when ventilation with a mask or tracheal tube is not possible. 3 In in vivo studies, the Ventrain was shown to rapidly reoxygenate desaturated pigs and sheep with obstructed airways, [4] [5] [6] [7] which are all animal models for adult patients. While studies on infant animal models are lacking, 8 1 report describes the rescue of 2 failed pediatric airways. 9 Therefore, the Ventrain belongs to a group of rescue ventilation devices for patients in "cannot intubate, cannot ventilate" situations and in those in whom all other devices mentioned in the Difficult Airway Society algorithm 11 have failed: situations in which ventilation through only a small-gauge tube is demanded or preferred.
Several other ventilation devices for ventilation through a small-gauge tube/catheter are available on the market to address "cannot intubate, cannot ventilate" situations. In a successful rescue maneuver, these devices provide temporary oxygenation while a more definitive airway plan is devised. However, the use of these ventilation devices is controversial, especially regarding pediatric patients, because many cases of subcutaneous emphysema and barotrauma with pneumothorax and pneumoperitoneum have been reported. These relate to the compromised passive expiration due to a smallgauge tube/catheter in a totally obstructed airway. 12 Through a small-gauge tube, patient oxygenation can be established with the classic jet ventilation devices (eg, Manujet; VBM Medizintechnik GmbH, Sulz am Neckar, Germany), 10 which are based on high pressure, or with the Enk Oxygen Flow Modulator (OFM; Cook Medical, Bloomington, IN), which is based on the principle of flow supply. An expiratory phase is not allowed during jet ventilation in cases of airway obstruction, increasing the risk of barotrauma. The OFM allows a passive expiratory phase, but with an inspiration-to-expiration ratio of only 1:4. An absent or compromised expiratory phase not only carries the risk of barotrauma, it also limits minute volume. 13 The Ventrain, like OFM, is based on flow supply, but additionally, it provides an active expiration by suctioning, achieving inspiration-to-expiration ratios of 1:1 even in cases of small lumen ventilation in an obstructed airway. [3] [4] [5] [6] [7] This reduces the risk of barotrauma and truly increases the minute ventilation.
The Ventrain only requires oxygen from a high-pressure gas supply with a pressure-compensated flow regulator. The flow can range from 2 L/min for pediatric patients to 15 L/min for adults. The pressure at the distal catheter tip will be no more than what is required to provide the necessary inspiratory flow. 3 The Ventrain is easy to use as explained in the Figure. Inspiration is achieved by closing the safety hole with the index finger and the exhaust hole with the thumb. A tidal volume can be administered suiting the patient's weight by referring to the Table. Expiration is achieved by opening the exhaust hole with the thumb, resulting in suctioning. This allows the elimination of CO 2 with an inspiration-to-expiration ratio of around 1:1 and avoids complications from hypercapnia or inability to exhale, pneumothorax, mass pneumoperitoneum, or emphysema. [3] [4] [5] [6] [7] The passive expiration phase or equilibration phase, by opening both holes, allows the lung pressure to balance with atmospheric pressure. 3 The Ventrain offers different Luer-type connection capabilities (eg, [pediatric] cricothyrotomy cannulas, jet ventilation cannulas, intubation catheters). Usually, at this case's hospital, an airway exchange catheter (COOK Medical) is used in the first attempt to manage an airway stenosis. In this case, only a tube of size 2 could be inserted.
Additional uses of the Ventrain include upper airway surgery, 1-lung ventilation, and emergency situation ventilation. Furthermore, while none of the other devices mentioned enable capnography monitoring, the Ventrain has a side connector that enables monitoring of Etco 2 . 4 Globally, the Ventrain may be available with different specifications (eg, capnometry functionality is not Food and Drug Administration approved). In the current case, the Ventrain was used to immediately reoxygenate a desaturated baby with a tracheal stenosis through a rigid bronchoscope. Then, when postintubation mechanical ventilation was extremely difficult due to high pressures, again the Ventrain provided adequate ventilation allowing patient stabilization and recovery. This case therefore underlines Ventrain's added value in managing challenging ventilation situations.
CONCLUSIONS
We consider that the Ventrain offers features that should be taken into account when dealing with the pediatric airway as it is capable of supplying oxygen during inspiration and achieves correct release of CO 2 during expiration, significantly reducing the risk of barotrauma and circulatory shock. Ventrain is very simple and easy to use. However, this manually operated device has no alarming function and is not "fool proof." Therefore, the user should be aware of what he/she is doing and use the device according to manufacturer's instructions. 14 Setting a flow of 2 L/min is similar to a flow of 33 mL/s. Thus, counting seconds per inspiration allows to quickly calculate the tidal volume: with a set flow of 2 L/min (= 33 mL/s), an inspiration of 2 seconds results in a tidal volume of 66 mL. This can be calculated for various flows up to 15 L/min, a flow that should be used in adults, as clarified in this table.
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